Studies with fractions of cigarette smoke condensate have demonstrated that the neutral subfraction BI exhibits the highest tumorigenic activity of all to mouse skin (3). This subfraction (o.60fo of the whole condensate) contains practically all of the polynuclear aromatic hydrocarbons of cigarette smoke. Also terpenes, fatty acid esters of solanesol and aliphatic alcohols, small amounts of cyclic and acyclic alkanes, alkenes and some N-heterocyclic hydrocarbons were identified in BI. The highest concentration for a single component in BI was 6.9 Ofo for skatole (3-methylindole). Indole, 3-ethylindole and 3-n-propylindole were also identified. The relatively high concentrations of these N-heterocyclic hydrocarbons · in the subfraction B1 suggest that the quantities of these compounds in cigarette smoke are higher than so far reported. Rodgman and Cook (5) isolated 1..4 JLg. indole per cigarette and 4·3 JLg. skatole from the smoke of Turkish cigarettes, in crystalline form. They found other alkylated indoles in 2 semisolid subfractions and tentatively identified these as admixtures of two or more dimethylindoles (o.8 JLg.) and two or more trimethylindoles (0.5 JLg.). Recently Schmeltz et al. (6, 7) reported the presence of certain heterocyclic aromatic compounds in cigarette smoke. These included indole, skatole, a monomethylindole other than skatole, dimethyl-and trimethylindoles. The purpose of this communication is to report a method for the quantitative determination of indole and alkylated indoles in cigarette smoke.
Partition coefflcients of indoles (21° C.) c)( Concentration in methanol-water 4:1.
CH Concentration in n-hexane. Cw Concentration in methanol-waler 1 :2. Coefflcients were obtained after spectroscopic determination (UV) for concentrations of about 1 mgJiiter.
Internal Standard
One J.tg. of highly purified indole-2, 3-Cl 4 (416,700 dpm; International Chemical and Nuclt~ar' C:oxJ,., City of Industry, California) rfu. 1 ml.
• n-hexane is added' to the 64 ml. n-hexane and 65 ml. methanol-water (4:1). The Nuclear Chicago Scintlllation System 720 counted at an efficiency of 72.6°/o for the unquenched C 14 -labeled indolein toluene with 0.4 Ofo PPO (2.5-diphenyloxazole) and o.oo5 Ofo POPOP (p-bis [2 (5-phenyloxazolyl) ] benzene) as scintillators.
Concentrating of the Indoles
After thorough shaking, n-hexane and methanol-water wUl clearly separate. Two additional extractions of the n-hexane layer with equal volumes of methanol-water (4 :1, preequilibrated (Table 1 ). The combined methanol-water layers contain about So Ofo of the original condensate. Water is added to the combined methanol-water extracts so that the methanolwater ratio changes &om 4:1 to 1:2 (about 280 ml. Hj!() to 200 ml. extract). Four extractions with 500 ml. of n,.hexane (preequilibrated with methanol-water, 1 :2) suffice to bring at least 98 Ofo of all indoles into the n-hexane layers (Table 1. ). The combined hexane extracts are concentrated to 3o--5o ml. by. vacuum , distillation (12 mm. 'Hg.) at water bath tem-' peratures below 30° C. The hexane phase (its residue amounts to about 10°/o of original condensate) is twice extracted with 20 ml. 2-N acetic acid and washed with water once. The hexane layer is dried over desiccated sodium sulfate, flltered, and concentrated to 3-5 ml. The residue contains 4-6 Ofo of the smoke conden~ate (from the smoke of one cigarette about 1.5 mg.).
FIGURE 1
Separation scheme for indoles from cigareHe . . smoke condensate•
The Indole-Fraction is separated into individual components by gas chromatography. *The weights given are average values from several sl!parahons.
Column Chromatography Thc·indole concentrate in n-hexane is placed on a column (1. X 40 cm.) with 1.5 g. of Florosil, mesh 6o--1.oo (Fisher Scientific Co., New York). The column is developed with 1.00 ml. n-hexane and subsequently eluted With n-hexane-benzene (4 :1.). The first 50 ml. of the n-hexane-benzene eluate are free of indole (no ß-activity), fractions 2-5 (each 50 ml·.) contain indole, the next two fractions (1.oo ml.) contain sometimes alkylated indoles. ·Fractions 2-'J aie concentrated to a few milliliters under reduced pressure (1.2 mm. Hg.) with water bath temperatures not exceeding 40° C.
The concentrate is transferred into a small vial (3 ml.). After adding 200 pl. of toluene, the solution is freed from n-hexane and benzene · by evaporation in nitrogen at room temperature. The residue in this concentrate contains less than 1. Ofo of the original condensate; see separation scheme Fig. 1 ..
Gas Chromatography
Two to three microliters of the concentrate are injected into a gas chromatograph, in our case a Perkin-Eimer Model 8oo with hydrogen flame ionization detector. The separation ·Of the indoles is achieved on a 2 m. stainless steel column with an i. d. of 3 mm., filled with 20°/o Apiezon L on Gas Chrom P, mesh 6o--8o (Applied Science Laboratories, State College, Pennsylvania). The carrier gas is helium; its inlet pressure 2.5 atm. TheSeparation is achieved isothermically at 1.55° C.; the temperature of the injection port stays at 265° C. The detector temperature is kept at 280° C. in order to avoid condensation of less volatile components from the concentrate, such as carbazoles. A Leeds & Northrup recorder ranging from o.o to 1..0 m. v. is employed; with the attenuation at 20, about 1..2 !J.g. of skatole reach the full scale of the recorder chart. A typical gas chromategram as obtained from the indole concentrate is shown in Fig. 2 . According to the retention times obtained with reference components, the major peaks are indole, skatole, and possibly 3-ethylindole, and 3-n-propylindole (Table 2 ). · ldentification of Indoles
For the identification of the smoke indoles, a large scale separation beginning with 50 g. condensate was carried out. The indoles were concentrated as outlined, however, without addition of an intemal standard. An Aerograph Gas Chromategraph 1.525 with thermoconductivity detector that permits the collection of the ef.Buents corresponding to the maxima in the chromategram was utilized in this case. The actual trapping was achieved by condensing the materials in a capillary tube. A stainless steel column of 2 m. length with ait inside diameter of 6 mm. filled with 5 °/o SE-30 on Gas Chrom P was used for the separation with the following temperature profile: For 1.0 _minutes 1.35° C., then linear temperature programming at a rate of 4° C. per minute up to 250° C. The temperature of the injection port was kept at 265° C., that of the detector at 285° C. Under these conditions a single gas chromategram could carry up to 5 mg. of indole concentrate. The retention times observed under these conditions are given in Table 2 . The first two large peaks (7 and u minutes) delivered white crystalline materials; the combined materials from several separations were treed from impurities, deriving from was combined from several sepa- rations and was purified by dtromatography on small Florosil columns. Ultravialet absorption, infrared absorption, and mass spectra were taken from the very light yellow oil. The combined materials from 10 large-scale separations of about 5 mg. concentrate each, which emerged after 16 minutes, were redtromatographed as described before, and finally purified on Florosil. They yielded a light yellow oil, which was subjected to ultraviolet absorption, infrared absorption spectroscopy and mass spectrometry. The minor peaks with retention times between 13 and 1.6 minutes were collected for ultraviolet absorption spectra only. The ultraviolet absorption spectra were prepared from cyclohexane solutions in 2.0 cm. cells with a Carey Spectrophotometer Model n; the
Retention times•
infrared absorption spectra of the oily ma-
terials, betwe~n NaCI plates, were prepared gas chrol'l_lato~raphr systems with a Perkin-Eimer Infrared Spectrophoto- 
Reference Components
Indole; 2-, 3-, 4-, 5-, 6-and 7-methylindoles and 2,3-dimethylindole were obtained from the K & K Laboratories (Plainview, New York); ;-ethylindole and 3-n-propylindole were synth~sized according to the method of the "Gesellschaft für Teerverwertung" (2) on a 1.0 g. scale. The highly purified components were identical with the materials described in the Iiterature (m. p., ultraviolet absorption and infrared absorption spectra; 1., 8). The syntheses were based on the Fischer method, using the phenylhydrazones of n-butyraldehyde or n-valeraldehyde respectively. Zinc chloride was chosen as catalyst and naphthalene as solvent for the condensation and ring formation. The yields for the pure components were in both. cases below 1.0 Ofo, but the objective was to obtain highly pure material rather than a good yield. All reference components were purified on Florosil; their purities were determined by gas chromatography and , in&ared absorption spectra.
·,
Quantitative Determination
Three samples of 2 JA.l. each of the indole concentrates obtained after column chromatography are injected into the gas dtromatograph and three 50 JA.l. samples were placed into the counting vials with scintillator solution. Since only 50 ~tl. of the yellow concentrate in toluene are added to 20 ml. scintillator solution, the quenching effect remains within the experimental Variation of the counting method, which is better than ± 1. Ofo.
RESULTS

Qualitative Analysis
The large scale separation of the indoles from the concentrate of about ·50 g. of cigarette smoke condensate resulted in the isolation of specimens of crystalline indole and skatole, which were identifled by melting point, ultraviolet absorption and infrared absorption spectra. According to the mass spectrum the third major component was likely tobe 3-ethylindole (parent ion mle = 149; the major fragments mle = 1.30 and 1.15). Ultraviolet absorption and infrared absorption spectra were identical with the synthesized 3-ethylindole and with data in the Iiterature .(4). The mass spectrum of the last major component from both gas dtromatographic systems had the parent ion m/e = 1.59· The fragments obtained by the bombardment of the specimen with electrons of 70 e. v. were m/e = 1.44, 1.30, 1.16, 103, 91. and 78 . With the relative abundance of 1.00 for the major ion 1.59 the other peaks had abundances of 24(1.44), 30(1.;o), 4(1.16), 2.9(103), 2.6(91.), and 5. 2(78) . The molecular weight corresponds to that of trimethylindoles, methylethylindoles, ipropylindoles, and n-propylindoles. However, the greatest abundance after m/e = :1.59 is observed for m/e = :1.30 indicating the structure of propylindole(s). The U.V. spectrum of the unknown compound was identical with that of . synthesized n-propylindole (maxima at 292, 284, TAB L E 3
Indole and skatole in cigareHe smoke* 280, and 274 mJ.t.)i however, this would not -----.....,..~-----~------exclude certain other alkylated indoles. In Number of Indole Skatoie the infrared absorption spectrum the isoproanalyses** c~~~~~~~) c~~~~~~~)
pyl-bands between 1.385-1.380 and 1.37o-1.365 cm.-1 were absent; the spectrum was practically identical with that of synthesized 3-n-propylindole. The. isolated specimen contained a small impurity as. indicated by the parent ion m/e = 1.73 which could be a higher homolog of the alkylated indoles.
Quantitative Analyses
The results of five quantitative analyses of the smoke were :1.3.9 ± 0.5 J.tg. per cigarette for indole and 1.4.0 ± 0.9 J.tg. per cigarette for skatole ( cigarette from 3 analyses of 1.6 cigarettes each were 4.2 J.tg. for 3-ethylindole and 0.21. J.tg. for 3-n-propylindole. The sum of the dimethylindoles was tentatively estimated to be less than o.o3 J.tg. per cigarette. The yield of the indoles from cigarette smoke in the final concentrate varied in the five analyses between 85 and 900fo.
DISCUSSION
The described analysis permits the quantitative determination of cigarette smoke within the experimental variations of ± 4 °/o for indole and ± 6.5°/o for skatole, those for 3-ethylindole and 3-npropylindole were below ± 1.0 Ofo. These relatively large variations for the alkylated indoles may be due, in part, to variations in the smoking pattem (for condensate ± 5 Ofo) and to the method of smoke condensate collection. The use of tritiated 3-ethylindole or 3-n-propylindole as second intemal standard, thus affording dual-channel counting, may reduce the experimental deviation for the alkylated indoles by several percent. The values for the indoles reported here appear relatively high compared with those by Rodgman and Cook (5). However, these authors fractionated the condensate from Turkish cigarettes with the main objective of isolating new. components from the smoke rather than that of quantitative analysis. Therefore, their data should be considered only in terms of isolated amounts. Like Rodgman and Cook (5) we did not find monomethylindoles in cigarette smoke other than 3-methylindole (skatole). But, it is possible that minute traces of other methylindoles are present (< 0.1. J.tg. per cigarette) and are covered in the gas chromatograms and infrared spectrum by the excess of 3-methylindole. Extensive efforts would have to be made in order to isolate very small amounts of such monomethylindoles and seemed as unjustified at this time as the isolation of the traces of dimethylindoles. It appears theoretically unlikely that ethylindoles or n-propylindoles with alkyl substitution other than in the 3-position are present (4). .
Another point of concem is the quantitative ratio between indole and skatole. With 1.3.9 ± 0.5 J.tg. per cigarette for indole and 1.4.0 ± 0.9 J.tg. for skatole we found a ratio of :1. :1.. Rodgman and Cook (5) reported 1..4 J.tg. indole and 4·3 J.tg. skatole as isolated from one cigarette, giving a ratio of about 1. : 3· We found that the ratio changed in favor of skatole after condensates had "aged" for several months or years, in the case of one condensate, aged for several years, even up to :1. : l.o. The condensates were usually kept refrigerated and in the dark. The ratios of concentrations between skatole and 3-ethylindole as weil as skatole and 3-n-propylindole were found to be stable within the experimental deviation of the analysis. One possible explanation for this observation is the higher chemical reactivity ofthe non-alkylated indole compared with that of skatole (4). However, this hypothesis requires experimental proof. The concentrate of the indoles from cigarette smoke contains also carbazole and alkylated carbazoles. The retention times of these components in the gas chromategram were greater than those of the alkylated indoles. The quantitative analysis was developed for indoles ocly. Systems for the analysis of carbazole and alkylated carbazoles are under study. SUMMARY
A method for the quantitative determination of indole and alkylated indoles in cigarette smoke is described. The analysis consists of distributions between n-hexane/methanol-water (4:1); n-hexane/ methanol-water (1:2); column chromatography on Florosil and gas chromatographic separation on 2o0fo Apiezon L at 155° C. Quantitative data are secured by use of C 14 -Iabeled indole as intemal standard.
In the smoke of an 85 mm. blended United States cigarette without filter tip were determined 13.9 fA.S· indole, 14.0 fA.S· skatole, 4. Les auteurs ont mis en evidence dans Ia fumee d'une cigarette (85 mm) sans filtre fabriquee aux " Etats-Unis Ia presence de 13,9 fA.g d'indol, de 14,0 fA.g de scatol, de 4,2 fA.g de 3-ethyl-indol et de o,21 !J.g de 3-n-propyl-indol. Ils presument que Ia fumee de cigarettes contient, au surplus, un melange de dimethyl-indols dont Ia concentration est estimee au-dessous de o,o3 fA.g par cigarette.
